ABSTRACT A nine year study of blood lead concentrations and isotope ratios carried out on a married couple shows that pulmonary deposition cannot account for all the airborne lead in blood; that lead from bone may comprise 70% of blood lead; and that during pregnancy blood lead may double due to mobilisation of lead from bone.
Subjects and samples
When the study began in 1974 the husband was 38. His first wife was 30 and six months pregnant with her second child. He had grown up in England and South Africa and started to live in Dallas in 1964. She was American born and raised. They had lived in the suburbs of north Dallas since 1968. Neither smoked. Both worked (she returned to work three months after delivery), making a daily round trip of 36 miles (58 km) along suburban thoroughfares and freeways. Their exposure to lead was similar with the exception that he travelled alone to England on three occasions. In January 1977 both were exposed to large amounts of lead from sandpapering old paint that was later found to contain 3*8% lead.
Throughout the study the isotope ratio (only the ratio 206Pb/207Pb is reported) of lead in the air of Dallas was monitored, using composites of high volume collections from sites in north Dallas maintained by the City of Dallas. For the first three years the husband was bled twice monthly and his first wife monthly. Thereafter he was bled in 1978 and 1980 only to identify his winter minima in isotope ratio, but from 1982 to the present has been bled regularly. The first wife was not bled again until 1980, when a few samples were obtained. She was then diagnosed as suffering from ankylosing spondylitis. Subject 9 has since remarried and, for the sake of comparison, some measurements from his present wife are reported. In addition to the air, lead enters the blood from food and from the skeleton and, to characterise the sources isotopically, samples were taken of the husband's diet and a piece of bone was procured from his hip.
Results
Since 1974, there have been pronounced variations in the isotope ratio in the air of Dallas, which doubtlessly reflects the several geological sources of lead used for making additives (fig 1) .
Except for a small increase after exposure to paint dust, the husband's blood lead concentration varied between 16 and 18 ,ug/dl until January 1977, when it began to decline, reaching a minimum of 11 ug/dl in 1980 (fig 2) . Currently it has stabilised between 12 and 14 ,ug/dl. His isotope ratio (fig 1) has shown a characteristic seasonal pattern, high in autumn and low in spring, broken by exposure to lead of extreme isotope ratio while sandpapering old paint and visiting Britain.
The pattern displayed by his first wife differs appreciably from his. The amount of lead in her blood remained constant until seven months after childbirth when it began to decline, halving its value in 11 months. Her isotope ratio declined until child-168
Total contribution of airborne lead to blood lead In view of her pregnancy and lactation, the first wife's isotope ratio must be carefully interpreted. As discussed above, the husband's blood shows no evidence for a significant long term change in the isotope ratio of food, so that my previous interpretation ' that her decreasing isotope ratio during pregnancy represented increasing amounts of dietary lead in her blood was incorrect. Instead, this decreasing ratio signifies ever increasing amounts of a third source of lead in her blood, which must be her skeleton, whose turnover rate would have increased to meet the calcium demands of late pregnancy.8 The increase in her ratio and the decline in her concentration after childbirth largely reflects the return of her body to normal, and it is not until 16 months later, when her blood assumed a constant concentration, that she may be considered in a steady state.
Even so, the form of her blood curve which follows closely that of the air in 1976 and 1977 has too great an amplitude to be explained by contributions from airborne lead alone. At least part of the changes in isotope ratio must be ascribed to short term fluctuations in dietary lead and, on the assumption that their exposure to lead in air and food were essentially the same, the minimum fraction of airborne lead in her blood and her a may be calculated (table 1) . Too few samples were collected to attribute the 24% decline in her blood lead concentration to decreasing amounts of lead in the air, but clearly no large, long term increase in her isotope ratio occurred.
Significance
Since the evidence negates a long term change in the isotope ratio of lead in his diet, my previously published figure of 20% for the fraction of airborne lead in the husband's blood must be considered accurate.
This being so, there is no reason to presume that the somewhat greater figures I measured for the other subjects are not also accurate, especially since this particular subject has so large an amount of skeletal lead in his blood. Less (fig 1) . As it is with children, dustfall must be regarded as the most likely primary source of airborne lead intake, although, for an adult, the ways by which such dust might be ingested are not easily specified. None the less, ingestion does seem to occur. In this study, for example, the first wife did no sandpapering and sandpapering does not produce particles in the respirable range, yet, by virtue of being in the same house as the paintdust, she incorporated measurable quantities into her blood.
The data obtained from the husband imply that lead stored in the skeleton is far from inert but actively contributes to blood lead and, as Chamberlain et al have indicated, a time integrated value of a should embody a factor taking into account lead originally of airborne origin being resorbed from the skeleton." The size of this factor will depend on past and present exposure. It is also implied that, even if all anthropogenic lead were removed from the environment, blood lead concentrations would not fall to zero but would be maintained at some level depending on each individuars skeletal store of lead.
At the present time the prinicipal concem with respect to lead in the environment centres around neurological damage to young children and the fetus. In this regard I point out that the blood lead concentration of the first wife apparently doubled during pregnancy owing to increased transport of lead from her skeleton. At term, the time integrated a of a pregnant woman may greatly increase and the increment in her blood lead due to her own lifetime exposure to airbomne lead may be sufficient to carry the blood lead of her fetus beyond the point where neuronal damage occurs. 
